gradient was achieved by transfer of the entire density gradient into an optical cell with wedgeshaped cross section. When this cell was photographed under indirect illumination, each band of light-scattering material appeared on the negative as a shaded curve, with an area proportional to amount of that material present. A series of photographs of known amounts of cells and cell walls was used to estimate the amounts of these materials in mixtures of the two occurring during mechanical disruption. With the methods employed, time studies established the optimal time for release of cell walls as 5 min in a Braun shaker. The use of sucrose gradients in the further purification of cell walls, and chemical analysis of the isolated walls, are described. Salton (1960) pointed out that the preferred method for preparation of undegraded cell walls involves disruption of cells by means of shaking with glass beads, followed by differential centrifugation. The devices of Mickle (1948 ), Cooper (1953 , Nossal (1955) , Shockman, Kolb, and Toennies (1957) , and Merkenschlager, Schlossmann, and Kurz (1957) were used to disrupt the cells of Staphylococcus aureus and other bacteria. However, no careful study has been made of the optimal conditions for release of cell walls. This appears to be due to lack of a satisfactory method for characterization of cell walls other than by examination in an electron microscope. Meselson, Stahl, and Vinograd (1957) observed that the deoxyribonucleic acid (DNA) from an organism has a specific density when distributed in a cesium chloride equilibrium density gradient. It seemed conceivable that cell walls would have a similar specific density in CsCl, and could thus be distinguished from whole cells. An experiment was carried out in which cell walls were prepared from staphylococcal cells harvested at various stages during a 12-hr growth period. Throughout this period, the density of the cell walls was constant at 1.415 ± 0.005. This result encouraged the development of a new procedure in which cell walls and cells can be characterized and quantitated in a cesium chloride gradient. This paper describes methods which can be utilized to follow the Yoshida et al. (1961) , with the use of a gradient mixing device similar to that of Blritten and Roberts (1960) Transfer of gradient to optical cell. After centrifugation, the tubes were removed from the rotor, and the bulk of the paraffin oil was removed by suction. Remaining oil was removed by overlaying the gradient with benzene, followed by suction removal of the benzene. The bottom of the centrifuge tube wNas punctured by a no. 21 hy,podermic needle connected via polyethylene tubing to a reservoir of tetrabromnoethane ( Fig.  1) . A specially constructed optical glass cell (Optical Cell Co., Inc., Brentwood, Nd.) of wedge-shaped cross section, adapted to fit the centrifuge tube, was placed above the centrifuge tube, forced onto it to provide a water-tight seal, and held in place by means of a clamp. The entire gradient was raised up into the wedgeshaped section of the cell by lifting the reservoir above this cell and allowing the tetrabromoethane to displace the gradient. When the gradient was properly positioned for photography, the flow of tetrabromoethane was stopped by a clamp. The cell was then illuminated by indirect light (Fig. lb) . Photographs were taken with Kodak Panatomic X roll film, and were developed with a fine-grained developer under standardized conditions of time and temperature. The image size on the negative was 1.5 times normal, allowing direct observation of the patterns on the negative. Only the wedge-shaped portion of the optical cell, indicated by the thick lines above the dashed line in Fig. I Fig. 2 were calculated from data given bv Ifft, Voet, and Vinograd (1961) . All densities were determined from such patterns by measurement of the distance from the peak to the uppermost portion of the lower meniscus, at which point the density is approxinmately 1.50. The disappearance of the density 1.380 band of unruptured cells and the decrease in the viable counts are first order. In one experiment, the cells were not completely disrupted, even after 10 min of shaking. However, these cells did differ from the others used in having an effective growth time of 5.1 hr as compared with 6.0 to 6.8 hr for all other experiments.
During the early stages of disruption in most experiments, a band of density 1.402 appeared (faintly visible in patterns B, C, and D of Fig. 2 Isolation and characterization of cell walls. Cell walls were prepared by shaking in a Braun shaker with glass beads, followed by washing with KCI and fractionation in a sucrose gradient. These cell walls were examined for size heterogeneity in sucrose gradients, with an electron microscope, and for phosphorus and RNA content. In a typical experiment, 1 g (dry weight) of cells in 36 ml of water was shaken in a Braun shaker with glass beads for 5 min. The disrupted cell suspension was decanted from the beads and combined with a 1 M KCl wash of the beads to give a final volume of 30 ml. This suspension was centrifuged 15 min at 11,000 X g, the supernatant fluid was decanted, and the residue was washed three additional times with 30 ml of 1 M KCl, followed by centrifugation for 10 min at 46,000 X g. The final pellet was resuspended in 8 ml of 1 M KCl buffered with 0.05 M tris(hydroxymethyl)aminomethane (tris) at pH 6.4 to 6.8 and frozen at -15 C. At lower pH and at a lower molarity of KCl, clumping of cell walls occurred to a greater extent during a freezethaw cycle. The frozen cell-wall suspension was thawed, and was treated for 2 min in a Raytheon 10-ke oscillator at 5 C to break up clumps which formed during the freezing process. Remaining clumps were removed by centrifugation for 10 min in a conical centrifuge tube at 700 X g. The sul)ernatant susl)ension Nas removed, and a 2-ml sample was placed on a sucrose gradient and centrifuged for 30 min at 3,100 rev/min as described under M\Iaterials and MIethods. (Table 2) of each gradient was l)ooled, washed twice with water, and suspended in 1.0 ml of water. Samples were dried and weighed, and RNA and total phos)horus were determined (Table 2) . It can be seen that the phosphorus content was constant at about 2.72% l)hosphorus, as has been observed for similar preparations. The RNA content was rather constant at less than 0.2%, except in the case of the precip)itate.
Material from the A, ,13 and C regions of Salton (1960) . Virus particles of 300 m,u lengths were separated by Steere (1963) on 1 , agar-gel columns, but sel)aration of cell walls and cell-wall fragments has not been reported. Electrophoresis has not been used to characterize cell walls, although Roberson and Schwab (1960) Purification of stal)hylococcal cell walls was accoml)lished by Yoshida (1961) , with sucrose density gradients. Roberson and Schwab (1960) separated streptococcal cell walls from chemically similar lparticles with the use of sucrose gradients.
In the l)resent study, it was possible to separate cell-wall imaterial into subfractions of different sizes with the use of sucrose density gradients.
The kinetics of formation of fragments and source of origin will be reported in a future publication.
In the l)resent study, it was l)ossible to determine (onditions necessary for the comi)lete breakage of cells to (ell walls by observation of CsCl flotation patterns. A further study of these patterns revealed a l)ossible intermediate in the disruption of cell walls. P'attern changes d(luing autolyNsis were also observed, andl vill be reported elsewhere.
